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v54; GALUUM NITRIDE UOHT-EMITTING ELEMENT 
(57)Abstracfe 

PROBLEM TO BE SOLVED: To provide a galHum nitride Hghtremltting 
element in hig"^ si ope efrlc ency snd high-reliability with fts life prolonged 
by suppreasSrsg a D^ak'ng or Ihe end surface of the Hght-emltting element 
during the h-gh -ouiLut opo^vSCion or the iight-emittSng eiement, 
SO. iillON A fa nitr;ce '";rht~6mKting elemefit h formed in a 
strJcrLff- t-.^t r-,o>'p t^ar one layer of sow rsf'ectlve fiifns having 
refractive indexes lower than that of a galiijm nitride are iaminatecf on a 
light emitting side mrror surface, in suoh a way that the refractive 
ir.dexes bscome lower in order from the light ??rsttting side mirror 
sur'acs and the firj^t low retlectivs film drectv ':vpr the m-rror surface 
\s ~0"^isc' of O'^e H rsd a TsatpnaS of ciii\ r . . - v r^.o-i^ 3 
Zr02 an MgO. an A1203, an Si'iH^-, an AS^ sr/J ar fv^gF2. Moreover, a 
Drot«ct!v'e film consisting of one kind of a nateriai of either selected 
Torn arr^ong a Zr02, an MgO. an Si3N4, an AIN and an MgF2 is formed on 
the mirror surface and a high reflsc^ve film formed by alternately 
iaminating low-refractive mdex-layers and hlgh-refractive index layers Is 
%rmed on the protective film. 

* NOTICES * 

viPO and HP IT srs not r$spons:l)le for any 
darages causs-d by the ufg ot Ihss tfanslation. 

1 This docm erst has been transiaxed by corr-puter. So the transiation may not reflect the ori^nal precisely. 

2 shows the word vtjhicn can not be translated- 
3.ln the drawings, any words are not translated. 



CLAIMS 



[GiairoKs)] 

;C aim iln a gallium nitride system light emitting device w'nxh has the resonator structure vvh:ch has sr^^ optica; 
oul^,oing radiation side-mirrors side and a light reflex side-mtrrors side in a both-«fids side of a luminous layer of 
stripe shape, A low reflective film more than two-layer [ which has a refractive index lover th^^r^ gaHii^frs riiti-ide In 
an optical outgdng radiation side-mirrors side ], From this optical otftgoing radiation sidft-roirrors sMs, laminate 
so that a refractive index may beoome iow if? order, and the 1st low reflective film right above this optical 




OJigoing radiation $id&-rnirror<; side, A gap to be chosen from ZrOg. MgO, sluminumgO -:, Si.vN^j, A^M and ^vlgF.;, o^" 
a gaiiium nitride system ^ight ennlttin;;; device which consists of one sort. 

[Gi-sisTi 2jThe 1st sow rnifeotSve fsirn of the abos^e comprises a gsD to be ohosQ!-- honi ZrO.,. Sl,N^.,, and AiKs, or 
one sort. The ga^ii^.i?ri rutHd?; systen? Hghl en^ittiru; device >^ccoi'din.^, to claim 1 which coroes- to fofr^-i js gsp to hh 
chosen fron- SsCs. alsjn^inuni;j,0.j, MgO^ and MgFg, or the 2nd low reflective film that ccsn&ists c-t one sort on the 
1 st low refractive film, 

[Olaim 3]A gap which wants to form [ gap ] In the above-mentioned optical outgoing mdiatlon side-ruVrors side a 
iow reBect^ve illrn of one byer which has a refractive index lower than gallium nitride, and to choose this lov^f 
ret]ective fiin-s from MgO, .siumioum^^O^, and MgFg, or the gallium nitride system light emitting device according to 

claifTi ; which consists of cne sort 

[ClaifT: 4JA gap to De chosen froni ZrO.^. MgO, S;.,N^. ,A,N, >3ra Ur^f.^ o-- a t'ro'f-zik'S f'lr^ c- -^onsis'.s of one 
sort S3 i'ormed in the shove ■ mentiori-ijd light refjsx side-mirrors side. And a g^sliium Jiitridt? s^ysten-; ight ernst'i-ng 
device of an/ one statenK;- -t of claim 1 -3 which forms a high r^fiection film which laminates 3 bw refractive 
index layer and a high refractive index ieyer by turns on this protective film. 

[Ciain-; 5]in a galiii;m nitride system light emitting device which has the resonator structure which has an optical 
outgoing radiation sidy~?rsirrors side and a light retlex side-mii'rors side In a bo-^^-ends side of a luminous layer of 
stripe siispe. A gap to be chosen from ZrOg. MgO, Si^N^, AIM, and Mg^2 '^^ ^ protective film which consssts of 
one sort is formed in a ilght rsHex slde-mlrrors side. And a gallium nItHda system light emitting devlcs which 
forrt^s a high reflection nim which laminates a low refractive Index layer and a higli refractive index layer by turns 
on this protective film. 

[Claim 6]ln a gallium nitride system light emitting device which it has, resonator stnioture which has an optical 
outgoing radiation side-mirrors side and a light reflex side-mirrors side In a both-ends side of a luminous layer of 
stripe shape in an optical outgoing radiation sids-mirrors side Frorji th's cr^tiosl o;;ti"oii!f? radi-ifior: r>id«--frrrrors 
side., a low reflective film more than two-layer [ which has a refractive index lovser than gsiliijn'i nitride 1 is 
laminated so that a refractive index may become low in order, The ist iow reflective i-h^, right above this optical 
outgoing radiation side~mirrors side comprises a gap to be chosen from ZrO.-,.. MgO, alL,iir!inumj;02, Ss^N^, AIN. 
and MgFg, or one sort, A gap to be chosen from ZrO^, MgO, Sij^N^, AIN, and MgF^ or a protective film which 
consists of one sort Is formed In a ilght reflex side-mirrors side, And a gailisim nitride system light emitting 
device galiii*-m! nitride system light emitting device which comes to form a high reflection film which laminates a 
iow refractive inde>f layer and a high refractive index layer by turrss on this protective film, 
[Claim 7jTh8 gallium rsitrids system light emitting device according to claim 4 to 6 which the sbcve-mentioned 
low refractive Index layer and the above-mentioned high refractive Index layer become from SIO^, and ZrO^, 
respectively. 



[Translation done,] 
* NOTICES * 

UPO and I^^PIT sre r.oi r^spe-iSsbis for any 
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2 shows ths word vvhich can not be translated. 
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DETAILED DESCRIPTION 



fDet.5iiled Descrintion of the Invention] 

[0001] 

[Field of the InventionjThis invention relates to the gallium nitride system light emitting device which is used for 

a light emitting diode or a laser dsods and which was excellent in reliability by high power. 

[0002] 

[Description of the Prior ArtjDravvIng 5 Is a typical perspective view showing the structure of the conventional 



nitr'de ssrn^ccsncuctO!' sight ?;n^it.t;rig; element Th ; ;-h- eriii-jr;;; aj;V:.Ci^ lOQ. Or: the sisicor- on Kspphiie IQ\, the 
buffer layer \Q2. the n iyps contact k^yer 1D5. the crack p-'ev8''^t:of5 iayer i04, the r-- type clad laye?" IDS. the n 
type guidis iayer 106, Ihe active layer '101, th«j p typ« capping iaysr iOS, the p typs guidn layer i09, the p type 
cbd ifivsr ! sG, 1>!s p type corstr^ct layer 11 Us laminated om by on^e, the luminous layer of strips shape is 
fQcm^a of dry etch;nsr, st rariks secor^d and the p lateral electrode I \ 2 and the n lateral electrode 1 13 ars forr^ied, 
"he high rsf-ection fiin-* 120 which carH&d oi.it the pltira! laminates of the cssaad?; screen 12"l of SiO, r^nd TiO, Is 
tbrrr-sed in the n'iifror plana by the side of [ ahar forming 3 cieavage plarse 1 a light fwrl^^x by pr&detsrnnined cavity 
ifongth, and -t e.nsbles it to taks cut oscillation light efficiently froj-n the mirror plane by th& sidt: of optical 
oi-jtgoing radiatiop:- 
[0003] 

[Problemis) tc be Sclved by the InventlonjHowever, whsn it %vas srads to operate more than by high povver, for 
e>;ampie, 30 mW, in the mirror plane by the side of a iighl reiiex, end face desb-uction breaks out easily, and 
ihsre was a sroblem th-st a life fell. VVher- n-saking it operate by high po^^-er and slope efrlciency was iovv. there 
wasi isiso a probien-i that driving current Vx'ili become large. 

r0004]Ther;. an object of this iri^-'ention was to control the end face destruction at the time of high output 
opsration, to raiss a life and sas provide a highly relisbie nitride semiconductor light emitting slemsnt with high 
slop© efficiency. 
[0005] 

[Means for Solving the Probiem],fn a gallium nitride light ennjtting deyic« which has the resonstof stfoctnre to 
which this invooUon has an optical outgoing radiation side-mirrors side and a light refse.*; s;de~mi.- rors side in a 
boUr-Bnds side of « luminous iayer of stripe shape in order to solve an afbrernentioned problem, low reflscUve 
film more tl^an two-laver [ -A'hich has a refractive index iovvsr than galliufn nitride in sn opticsl outgoing radiation 
side-mlrrcrs side 1. From this optical outgoing radiation side~mirrors side, it laminates so that a refractive index 
nsviy beco-ne iov; ir? order, and the i st low rsfiective nini right above this optical outgoing radiation Side~n^irrors 
side consists of a gap to be chosen from 2rO,^. MgO. ais-iniinum^Og, 81^1^4 .AsN, and Mgr^, or one sort. 
[OOOoJSince a low >-efiective film mo;'e than two- layer which hiSs 3 refractive index lower than gallium nitride in 
an optical outgoing radistion side-mirrors side j is Is.rninated r>'om this optical outgoing radiation side-mirrors side 
so that a refractive index may bscome low in order, a gallium nitnde system light emitting device of this 
invention, Reflection of osciliation light is controlled and a f^ta of oscillation light taksn out from an optical 
outgoing radiation side-mirrors side can be made to increase compared with a case where oscillation light is 
directly taken out from an optica! outgoing radiation side~mfrror$ side In the air. By using for the 1st low 
reflective film right above an optical outgoing radiation side-mirrors side a gap to be chosen from ZrO^. MgO, 
alumsinumgOg, SlgN^, A\H, and Ugf^,- « ^^'^^S which consists of one sort, Ssnca degradation of an ootlcgi 
outgoing radiation side-mirrors side by a reaction of gallium nitride arid a low reHective nirrs at the time of 
operation can be ooj-rtrolled, a life of a light emitting dsvice is raised. 

[DD07JA gallium nitride system light omitting device of this invention comprL^es a gap which wants to choose the 
1st low ret1sctiv8 -Him from ZrO^, Si,N^. and AIN, or one sort A thing which comes to form a g&p to be chosen 
from SiOg, alu.minumgOg, MgO, and MgFg or the 2nd low refecjtive film that consists of ons sort on the 1st low 
refleptiva film can be used. 

[OOOSjA low reflective film of one layer m which a gallium nitride system light e,mit.t!ng device of this invention 
has a refractive index lower than gallium fiitrsde in an optica! outgoing radialaon side-mirrors side is formed, and 
this low reflective film can use a gap to be chosen from MgO, alumlnumgOg, and MgF^, or a thing which consists 
of one sort. 

[OOOSjA gallium nitride system light smitting device of this invention forms in a light reflex side-mirrors side a 
gao to be chosen from 2rO,-,, MgO, S\^H^. AIN, and s^lgFj. or a protective film which consists of one sort And 
what forms a high reflection flifr. which laminates a low rofraotive index layer and 3 high refractive index layer by 
ti.irns cr5 this orotective film can be used. 

[00 :0]ln a gallium nitride system light emitting device which has the resonator structure to w.hich a galliun-: 
r^itride sy.'itsfrs light emitting device of this Invention has an optical outgoing radiation side-mirrors side and a 
light reflex side-mirrors side In a both-ends side of a luminous layer of stripe shape. A. low reflective filn-- more 
than two-layer [ which has a refractive Index iov/er than gallium nitrids in sn opticai Oi.;tgoing radiatior; side- 
rnirrcrs side ], From this optical outgoing radiation side-mirrors side. i;:,n!:nr.te sc that a -efractive ir;dex may 
become low in order, and the 1st low reHeotive film right above this optical outgoing radiation side-mirrors side, 
Comprise a gap to be chosen from IrO^, MgO, aliimlnumgOg, Si^N^^ AIM, and ygPg, or one sort, and in a light 



reflex side-mirrors Sicie. A i^ay to be chosers from ZrOg. MgO, SigN^, A\K and Mgf^ or s protective film which 
oons-sts of one sort is rorrr^sd, and it convss to form a high reflection film whfch bminates a low refractive index 
iaysr fsnd a high r5;i-V.sct:;ve index i;v/er by turns on this protective -Him, 

[001 rjin f.s s^aisiurn oiiTide system iight emitting device of -.his. ifiVe-.tSori, v.'f^yl con^iis^ts of S^O^ ar>« 2>'Q.-. can be 
used for the above~?Y>ention';id Sovv refractive index isyer and the above-merrdon^^d hig'h ref^'active index isyer. 
rsspsctiveiy. 
[0012] 

[Embodimant of ti-^e InventionlHsreafter, although ihh invention is expbir^ed using a drawsng, the gaiii^jm nitr-de 
System light emitting device of this invention is not limited to the element structure or ths electrode 
configi-ration ^vhio;-) were shown in the embodiment 

[0013jThe embodiment 1, book embodiment I is related with the gaHiurr; r-KHde .system iight emitting device 
Vv'hich used ths nitride semiconductor substrate for the substs-ate. Drawing 1 and d-S A-ing 2 are the m-mstlc 
diagrams showing the structure of the gailium nitride system light emitting device concsrning the smbodlmer5t of 
the invention 1, and are a secl^onal view showing section structure [ In / drawing I can be set in a perspective 
view and / in drawing 2 / the ll-W line of drawing. .1.1 As shown in drawfng .l, this light emitting device 1 is 
provided vvlth the foiiowlnsu 

About the mwitiiayer ;e\v rsfieouve tih-n SO which becomes an optical outgoirsg r^-diation s;'Js"m5;>-ors side from 
the 1st iovv refisctive film Bl end 2rid low reflective fiim 82, it is the protective fiim 80 in a iight refiex side- 
mirrors side. 

The high reflection film 9< in v/hich the plural laminates of the cascade ssxeen B2 of a bw refractive index layer 
and a High retVactivs index layer vvers carried out 

[OOI4jAs shown in drawing..?, this light emitting device 1 has the nitride semiconductor substrate 1 1 which 
consists of GsNCs), and the n type contact layer 12 which consists of n type GaN is fo*'?rsed on the- :<ubstrate 1 ^ . 
On this n type contact layer '2. ths crack preve'^hon layer 13 which consists of n type InGaN is f;:.!mod 3n<j: the 
n type guide layer 15 wi^ich consists of the n type dad layer 14 which consists of n type AlGaN/GsN, .snd n type 
GaN is formed on this crack prevention layer sS. On the n type guide layer 15. the active layer 16 which consists 
of InQaN/InGaN of multiple quantum \vsli structure is formed, and the p type capping layer 1 7 which consists of 
p type AiGaN is formed on the active layer 16. On the p type capping layer 17, the p type guide layer 18 vs'hioh 
consists of p type GaN is formed, and the p type ciad iayer 19 which consists of p type .AIQs.M/GaN. and ths p 
typs contact layer 20 which consists of p type GaN are formed on it. .And €ne p lateral electrode 23 is formed on 
the n tviu. oor-.n-^t Lov-o^- .20, cod ihv> -] iateral electrode 22 is formed on the n typs contact iayer 12. 
[0O;j':Ur' h:i-^ r.f^;;-.d-m'.-5:i i. .hn^.s ths- rearrangement of a nitride semiconductor grown op on it by using the 
substrate whsch consists of nitride semiconductors can be controlled and cfvstailinity can be improved, the lifg 
of a light emitting device can be raised more. 

[001 6jA growing .method of the good crystaliine nitride semiconductor with whioh the substrate which consists; 
of nitride semiconductors was indicated to JPJ 1-1 91 658,A here, for example, (it is hereafter called an ELOG 
i Epitaxialiy laterally overgrown GaN) grown method.) — it can use and produce. That is, C side is made Into the 
principal surface and the buffer layer which comes from GaN on the silicon on sapphire which makes an 
orientation flat (cage hula) side A side Is grown up. The 1st nttride semiconductor iayer that consists of undoped 
GaN Is grown up after buffer layer pt>wth. Next, form the photo mask of stripe shape and the SiOj tiims 
patterned by ths sputter device is for-med. Then, the 1st nitride semiconductor is exDOsed on the crevice sids by 
etching until silicon on s.3pphire exDOses the 1st niiride semiconductor of the portion in which a SiO.^ Him ;s ;;ot 
formed by an RIE ^^ysts-jn, ond torrnin.- opoveiiness Next. Si0.j cf the i.jpper pert, of heiiihis is rornovod. Next, the 
2nd nitride semiconductor layer that coni^ists of G.sN A'hich doped Si is grown up. Next the wafer into which the 
2od nitride seniiconductor layer vvas grown up is picked out from a reaction vessel, silicon oo sapphire, a buffer 
layer, the 1 st nitride semiconductor layer, and a SiO^ film are ground m4 removed, and the substrate which 
consists only of the 2nd (V^de semiconductor layer is obtained 

LOO;?]lt has a reiractive index lower than GaN 'r^?fractive index 2.3X and the melting point is the material which 
was highly excellent in theriTiai .'stabiistv, a"d ib-e rmteriai which does not Have absorption in the oscillation 
wavelength j-sgion of & Hgi-it emitting device still mors preferably can be used for the low reflective film formed i.n 
a light emitting surface side-mirrors side. As a material which fulfills these conditions, for «;xampie ZrOg 
(refractiye index ZA), MgO (refractive index 1.7), aiuminurngOg (refractive inde.x 1.54X Si.jN,, h-sf.s'sctJve index 2.0), 
AIM (ref^'active mhx 2.O.). and MgFg (refractive index 1,4) can be mentioned,. 



iOOIBjHers. as ■or the ioxv reflecUve fiim formed in a iight e;r:!tt''-g eurfaoe ssde-mirrors side, it is preferred to 
consider it as ths muftissysr more than Xv-io-lay&r Thss :ov,- rii^Fseciive tlifr; can suppress reflectiOf> of- the ^iglit in s 
i;i;hl emittirig surface side-jTsirrors side, and turns irsto an antireriectiors film 

[00 i 9] As for ifih iow refisotive film, st is desirabie to iaminate a low rsfiective ffim from s light emittirsg surface 
side-mirrors side, so that, a refractive index may become low in order:. Aitl^ough ZrO^. Si<,N^. and any am sodi of 
materials of AiN can be usied ror the 1st lov/ reflective fslirs right above a light emitting surface sids-mirrors sids, 
its ZrOj exceiient in ti^ero-ai s:tsbiiity is desirabis. Any one sort of materials of SiO,., .siumir^uiT! jO.,, MgO, and 
Mgfj, oan be used for the 2nd low rsflective layer. As for a low reflective fi.lrT>, ^v.heo It may forrr; by one layer and 
mskes it into ons iaysr, ii is desirable to use any one materias of IVlgO, alui^^inurn^O.,. and the WtgF^- 
[OO^^OJA ioy^' rstlecUve mm can be formed using gaseous phase membra.ne forrrsation art, such as vacuufrt 
evaporation, weld slag, and CVD, As for the tiiickness of a low reflective film, tt is desirable to set an oscillation 
wavelength to lambd.a/4n< if the refractive index of iambda and a lev/ reflective fdm Is: set to n, 'A^isn a icvv 
refieolive f-kr; i.s carried out to more rhan twoHayer, the thickrecs: 'f the Ut low refieciive fih-s is; good also as 
iambda/2ri. 

L0021]The material ttie melting point excelled [ matcnai ] in therrrml stability highly can bis usfid for the 
protective fiio^ tormed in a light retle)^ side~ttiirrors side. For example, it is dessj'able to use ZrO^, although ZrO,^, 
MgO: SijN^^, Al.N, and ^gF., can be mentioned. By providing this f\\m, de^adation of the eruj face which had 
happened between GaN and SiO^ with the conventional structure can be prevented. 
[O022]A protective l^lm can bs formed using gaseous phase membrane foj-mation art, such as vacuum 
evaporation, weld slag, and CVD. It is desirable for the thioi<>ness of a protective film to set an osoiHatio^-^ 
wavelength to lambda-Mn, or iambda/"2n, if th© refractive Index of lambda and a protective film is .-set to fi. 
[0023jOn a protective film, the high reflection Film which laminated the low refractive hdm layer and the high 
refractive inde.x layer by turns is formed. Can use for this high reflection film the matenal currently used for the 
conventional laser diode etc , for example, as connbinatlon of a (low refractive index layerrhigh refractive index 
layer), (SiO2;Zr02) — or (SiO^rTiO,) — etc. — although using is most preferred, it is sisc Rood to choose ^'ss 
oombinatio,'^ of .Tiateriai with a low refractive index, and a high material relativeiy as tf-;3 corno rcitio;:. 
[0024jAs for a low .''efractive index layer and a high refractive index layer, when a protective film is provided, it is 
preferred to consider it as the high reflection liim of two to five pairs which repeated these by turns and 
laminated ther^, K is considered as three pairs or four pairs stsli more preferably, and Is most preferably 
considered as three n.ilrs. By doing in this way. the life of a light emitting device can be further raised by high 
power. 

L0025jit is [ optical ojtgoif^g radiabon side J preferred to form, where it pushed dovvn cleavage on bar shape and 
a bar la toppled 90 degrees, aft.er cutting towards becomirtg vertical to tlie stHpe of each lumino-ix layer shout a 
wafer as a formation method of the low refisctive film to a light refisx side-mirrors side and a high reflection fliiTi. 
This is a thing in consideration of the characteristic of vapor phase growth systems used for film formation, such 
as vacuum evaporation and weld slag, md can obtain the low reflective film of uniform tl^ickness, md a high 
reflection film by installing and fomsing the frim formation side used as a membranous growth direction so that 
tbs target of a deposition source and weld slag m.ay be ooufstersd. By ths effect of the surroundings lump in 
vapor phase epitaxy, even if it does i-ot topple a bar 90 degrees, it can torn-;, but comp-sred with the film pushed 
down and formed, the homogeneity of thickness is inferior. It h as good as formalion in a film usirsg a 
surroundings lump without pushing down §0 degrees, when a bar is toppled 80 de^ees when the resonator f&ce 
which becomes the optical outgoing radiation and light reflex side Is a field formed of cleavage, and a resonator 
face is a field formed by etching. 

[0D28]Th8 embodiment 2. booi<, embodiment 2 is related with the gallium nitride ,'5yst&rn iiglit omitting device 
Li&ing the different-species beard which has in a substrate the nitride semiconductor layer formed in the ELOQ 
growth method. Dravsing 3 and drawing 4 are the mimetic diagrams showing the structure of the gSiHum nitride 
sysnem lighr. s.mitting device concerning this Embocnment 2. It is a sectional view showing section structure [ in / 
drawing 3 can be set in a per.s;pective view arid / in drawing 4 / the IV~IV' line of dj-.a-vV-r^g 3 ] As shown in 
f;ir.aMn.S...3, this light emitting device is provided v»'ith the following. 

About ;he multilayer low reflective film 80 which becomes an optical outgoing radiation .side-mirrors side from 
the 1st low .reflective film 81 and 2nd low retlecUve flm 82, it is the prot&ctivs flm 90 in a light reflex side- 
mirrors side. 

The high .rstlection film 91 in which the plural laminates of the cascade screen 92 of a low refractive index layer 
ar^d a high refr'active index layer were carried out 



"002?jAs shovvn in SravAng 4. this; sight sn^itting device S has Ihd silicon on sapphire 31, and the buffer layer 32 
which consists of GaN(s) is formed on the substrate 31. On thi^- buffer iayer 32, undopeci GaM layers 33 and 34 
jsed as a foundotinn layer ars foro-isd. On undopsd GaN fayer 34.. the n typs contact, layer 35 v'^hich consist.?; of 

0 type GsN Is fofnied. af^-d the crack prevsntion iayer 36 which consists of n typs hOaN i.<?- forrrisd on it. On the 
crack prevention layer 36, th© n type cisd laysr 37 which consists of n type OaN, the n type gsjide iayer 3S which 
consists of ufidoped GaN on it and the active iayer 39 which consists of n type InQaN/inQaH of muitipie 
quants.im weli sitruoturs on st am formed, [t is formed on the active layer 30 by the p type capping layer 4D which 
consists of p lyps AIG^iKL and on It. The p type guide iayer 41 which consists of undopit-d GaN is formad, th* p 
type clad layer 42 -vvi-sch consists of p typo AIGaN GaN Is formed on it, 3r;d the p type contact iayer 43 which 
consists of p type QaH h formed on the p u^e clad layer 42, The pad electrode 70 i.«: fu!th<?s' forn^ed for th? p 
iaierai oiectfode 50 via the opening of the 2nci Insulator fayer 61 \na the ©penmg of the 1st ins!.;i3tcr iayer SO or^ 
the 0 ty»a contaot layer 43, 

L0Q28jThe different- species boas-d which has the nitride semiconductor layer forn-sed in the ELOG growth 
■^^ethod is producibis! us-ing the n-:ethc-d indicatsd to JPJ !~IS165S..A, for exan^ple. Thst is, 0 side is ?Tiade into 
the principai surface and the buffer layer which cofnes from GaN on the silicon on sapphire which makes an 
orientation i\ai (cage hula) side A side is grown up. The 1st ni^ide semiconductor layer that consists of undoped 
GaN is grown up after buffer layer growth. Next, form the photo mask of stripe shape md the SiOg f?lm 
patterned by the sputter device is forn^ed, Then, the 1st nitride semiconductor is exposed on the crevice side by 
etching until siiioon on sspphire exposes the 1st nstride seitiiconductor of the portion in which a SiO^ fjisn is not 
fo-'-med by an ;"?IE system, and rcrmin.fc uneversness. Next. SiOy of the upper part of hoighis is ^eivsoved. Nsxt it ss 
prod;;v::!}ie by growing up t.n« 2nd nitrlda soiniconductor layer that consists of OaN wh-ch doped Si. 
[0029iAs a substrate into which a nitride seiTsiconduotor is grown up, it is sapphire ahs Cth page of the principal 
suffacs.). 2nO, a spinel (MgAigO^X SiO. QaAs besides R side and A side, SsG (6H. 4H, and 30 are incladsd), «tc. 
oan use the different-specie,? bosrd which is known conventionally and which consists of s difFe,'-snt ?nateriai 
from a nitride serriiconductor, in cder to grow up a nitride semiconductor, 

[GDSOjAcoordirsg to ti?is Er^ibodirrsent 2. by the same n^ethod as Embodiment 1, a low refiective film can be 
formed in an optical oui-gdr^g radiation side-nVirrors side, a protective film can be for'r;cd in -Jie light reflection 
surface side, and th« ,$gme effect as Embodiment 1 can be acquired. 

[003liAithough the example using a nitride semiconductor substrste and dlfferent-vspeose-s beards, such as 
sspphire which has the nitride semiconductor layer formed by the ELOO growth method, was shown In the 
substrate \n Emb<jdlm«nts 1 m4 2, respectively, When the different-species board which does not have the 
nitride semiconductor layer formed by the ELOG growth method is used, it cannot be overes-nphasiaed that the 
same effect as Embodiments 1 and 2 is acquired. 

"0D32j.Althougi-! it is possible for the optical outgoing radiation side in IHmbodiment 2 to forfrs also by the same 
method as En?bodimenl i as a fom-sation method of the low reflective fsim to a light retls,x side~;-nirrors side and 
a high refiecticn film. Since it is difficult to be hard to carry out cleavage of the different-species bo3.rd, and to 
form in bar shape, it cen also form as follows besides the method of Embodiment 1 . 

1 0033]After growing up and icw-resietance-izing a p type contact layer, the surface of a n type contact iayer is 
exposed by etching, but the resonator face by the side of optical outgoing radiation and a light reflex is also 
termed by etching in that case. That Is, an optscai outgoing radiation side-mirrors side and a hght refisx side- 
mirrors side are acoi.iirftd by the etching, Me>;t. a low reflective film and a high reflsotion film are formed in the 
optical outgoing radiation side-mirrors side- and light reflex side-mlrrors side which were &Gquir&d by etching with 
a vaoor phase :=rowth system using a surroundings iump, 

[0034]!t etches further and a slot is formed until sapphire exposes the surrounding nitride semiconductor iayer 
of an element as a desirable formation method so that It may be easy to carry out chip rnai<irig ct" the element 
for n molding .surface by etching, after acquiring a.n optical oiitgoing radiation sid&-mi?Torc side and a light reflex 
side-mirrors side sirnuitaneousiy. exposure. At this time, at least, further, an optical oiitgoing radiation side 
etches the light reflex side in a position which doss not interrupt emitted light so that the laser beam to emit 
may serve as a good far field pattern. Mext, a low reflective film and a high reflection film are formed in an optical 
outgoing radiation side-mirrors side and a light reflex side-mirror-s side with a vapor phase growth system using 
a surroundings lump. Since the heterogeneity of the thickness of a iow reflective fi!m with the mask at the time 
of forming etching using a mask and a high reflection film is avoidable by forming in this way and chip makirsg is 
easily made in the posi^tson which even sapphire etched, it is desirable. 
[Q035] 

[Examplejin Examples 2 and 3, the nitride semiconductor substrate was used for the substrate for tiie .siiioon on 



sapph!t'« >-chich hs^- thi^ mnde senvoonductor l^iv^-; race ' t'-!a o;j:;st'-.!Le ] lo carry out. ELOO gfowtn to E>'a;^®le 

iOOSSJE^ampie s s descHbed usinf. ^>ia"f\pl'S: \. drawing 4. (0001 ) The t-jbstrate 3i which cors5.!&ts o? s\]^ccn~on~ 
Sfjpphi'« sspph-fe which n^,skgs C side the ersncipai surface was set m the MOVPE reaction vessel temperature 
'•.V3S 500 snd ihe Puner laydr 32 which consists of GaN{s) was grown lip by 200-A thickness using 
trimetnylgaii^ur^^ iTh-IG) ftrid smmonis ;Nhl-; 

i0037]Ne;i<t, orh, TMG sva;> slopped aflfcr bul^^r g>ov\l!; and tsj^npf^rature vvas >\iised to iOOO When 
D<=con'!:ng \Q5Q TMG and amjTiCnia were used for materiaS gas and undoped OaH iaysr SS w^s grown by 2™ 
micrometer thickness. Form the photo mask of stripe shape and with a sputter device Then, the strips width 
(portion wh?ch becomes the upper part of heights) of 5 micrometers, The SiOg l^lm patterned after 10 
rn;crorneters of strips; intervals, ^pcftiori ueed a? the par's basilarls ossis occspitai!C^ ot a crevice) ie forfr^e-J, Then, 
anef 4;xpos:ng i;r!d-:ipcd GaN iayer- 33 on ths orevice sid^; by etching untii the subo-.r.ot?; Si exposes -j'^doped Ga.N 
i:3yer 33 of a port-on in vvhich a SiO,, HIt! ia oot formed by ari RIE syster;- and ^orn s-^iv •.;nev'e?"'^ess, S'-0.y of the 
heights upper part was removed. Next, it set sn the reaction vesssL TMG snd snimonfa wars used for matenai 
£■35 by ordiriarv pr&ssur*;, and unooped GaN layer 34 was grown up by ^ -rnio-orjiete!' thi:;k>':ef&. h-; growth of each 
ciass -.Yhich forms elemer^t st^-^icture, the foundation layer which consists of undoped GaN layer 33 and irndoped 
CsaN layer 34 acts as a substrate, 

[0038JNe>;t. at the ternperatu'-e of tOoO TIVIG and ammonia were used for the raw material at gas. silane gas 
(3'H ,} vvas used for Jfrspurity gas, and the n type contact iayer 35 which consists of QbH which cm-^[ 3x10 ^^/]~ 
doped Si Vv-as grown up by 4-micron^eter thickness, 

[0039jNext, temperature shall be SOQ ** and TI^G, TMI (trimeU^ynndsumX and amrftonia are used for materiai gas, 
Siiane ps was used for impurity gas and crack prevention layer 36 which consists s^^%06^^0§4^ v^hich 
cm-" [5x10 ^V]-doped Si was igrown up by 0,15 micrometer of thickness. 

[0040] Tempers ture shaii be 1050 and to material gas Mext, IMA CtHmethylaluminum), Using TMG and 
ammonia, undoped aiuminum.-j^^GaQggN was grown up by 25-A thickness, then TMA was stopped, and GsN 

which om~\ 1x10 '^/]~doped Si was grown up by 2S~A thickness, using siiane gas as impurity gas. This 
operation y-zas repeated by turns and the n type clad layer 37 which consists of a superstructure of 1.2 
micrometers of the total thickness was grown up. 

[D04ilNext TMG and ammonia were used for material gas at the temperature of 1050 and the n type guide 
layer 38 which consists of undooed GaN Vvas grown up by 0,2 micrometer of thickness. 

i0042]H8xt, temperaturg was 800 TMG, TMl ar.d ammonia were used for materia^ silans gas yvss used 
for impurity gv-ss and the barrier 'ayer (8 hon?-cn': which consists of in,^,,,f;G3v^,g.^i v<h'.ch o-n-'^i 5x10 'J-doped 
Si was grown UiO 10C--A Ir ic^ -'-ci-i,. The; s ij^ -.; ra.- is slopped and the -.vol' layer TvV layer.; Vs'hich consists of 
undoped ln^gGa,jgN is groyv-n up by 40-A thicR.ies.s. The barrier iayer and the well layer were la^ninated in order 
of the B horizon-W iayer-S horizon-W layer~8 horixon, and the active layer 39 of the multiple quar^tum well 
struoture of 380 iAi of the tatsi thickness was grown iip> 

[0043jNext, TMA, TMG, and ammonia are used for material gas at the temperature of SOQ The p type capping 
layer 40 which consists of alufrtinumQgGag^N which om-^[ 1x10 ^Vj-doped Mg was grown up by 300-A 
thickness, using Cp^Mg {magnesium cyclopentadienyl) as impurity gas 

L0044]N'?xt, te.'^ii:ss:ratufe was 1050 's^*, TfylG and amsmonia were usee for material gas, and ^su- p type gijidi: layer 
41 y/hich con.s!£ts of ondooed GaM was grown up by 0,1 nsicrometer of thickness, .Although th:s p tyf.,.e gs.;ide 
layer ,«^as pown ^c as undoped, by diffusbn of U$ from the p type capping iayer 40, Mg concentration serves as 
IxlO '^/om~^. anci ft shows a p type, 

[0045]Nsxt, TMA, TMG. and ammpnta are used for material gas at the temperature of 1050 Undcped 
afuminumfj^QagjjM is grown up by 25--A thickness, then TMA was stopped and GaN which cm~^[ 1x10 ^Vj- 
dopeo lAg >?ifas grown up by 25~A thickness, using GpgMg as impurity gas. This operation was repeated by turns 
^ri6 the p type clad layer 42 which consists of a superstructure of 0.6 micrometer of the total thickness was 

grown up, 

.[0046JNexi. TUG and amnsooia were used for material gas at the temDe,:"ature of 1050 and the o lype 
conta.:;t layer 4.3 which consists of OaN which om~'^[ 1x10 -^Vl-doped Mg was grown sjp by 25~-,A thickness, 
using GppMg as impurity gss. 



[004/]After ending reaction a; -d in xr\e reaction vetoes, annealing was performed (or Uvo wafer at 700 among a 
nitrogsn strnosphsr?:, and "Uie o type layer was ■or- ■resSslanos-i.ired further. 

[0048lTh<: w;3f-:;r into vvhich the nitride semiconductor wss groym up as mentioned above is picised out from a 
rsactiof ! vessel, in order to expose the n type contact layer 35, #?s SiOg mask was forrrjed In a part of p type 
contact layer 43, and it etched in FOE (reactive ion etching), and the surfaoe of the rs typs cont?ict layer 35 was 
axpossd, 

[004&]The surface of the p tj^^pe contact layer 43 of the top iayer and the SiO^ .f-issk which were exposed sr?d 
which beco?T5es s p typs nitnde semiconductor layer from a -!,5-rTVcromst^;r~■^^':de stripe via the masK of 
predetermined shape all over the n type contact iayer 35 were fortisd. After SiO., masi< fcrrnatfen, using RE, it 
etched to nesr the interface of the p type ciad layer 42 ar^d the p type guida layer 41 , snd th& wsv&giiide Cndge) 
of 1 .5~mlcrometer~wide strips shaps was formed. 

[OOSOjThe 1st msuiator layer 60 that consists of ZrOg on the surface of 8 p type nitnde semiconductor layer 
was formed after ridge formation, with the SiOg mask attached. This 1st insulator layer 60 mey carry oui; the 
iTsask of the n lateral electrode 51 forming face first, and may form the Lst insulator isyes- 60 all ove=- a ^itHde 
s*:micopductor iay«r. It is iiTsrnefsed in buffe.f'6d fluoric acid after the Isl ir iuiatcr L-sve' fv^natiorj. cany out 
-iis,s.--:.iuti>:;»- removal of the SiO, mask foaned on the d U'pe ccrta--:t ^vc!' 4:1 ..>;.J L\ ^ -r "h-off metnod ?vSth 
SiOj, ZrO„ in ihe p type c':;ntact fsyer ^3 (fufthe*' on the n type corstaol layer 35) was removed. This ZrOj can 
«iso be fofmed ?.t one process as the low reflective film of the optical outgoing radiation sfde-mirrors side of this 
:nventior and a os-otective nim of r> light reflex side-mirrors side, 

[0051 jNsxt, the >-idge outermost surface on the p type contact layer 43 a-^d the p bit<ns-al e^-^ctrode 50 --v^ich 
sonsists of nicke^-' Au in contact with the 1st insulator byer 60 were formed i-- st'sr^o sn.-inc;, -On tn'? -.uner r.and, 
the n lateral electrode 51 which becomes the surface (reaching and touching the 1st insulator layer 60.) on the n 
type contact layer 35 irom Ti/aluminum was fojtned in sfeipe shape. After forming these, oxygen.nitrogen carried 
out annealing of each at 600 with a rate of 80:20, ^e p lateral eleclrode 50 and the n lateral electrode 51 
were sibyed, and the good ohmic characteristic was obtained, 

r0052]N8xt, the 2nd insulator layer 81 that consists of SiOj was formed i.n the whoie snr'aco, ard :>c.'no of p 
lateral electrodes SO ar-d n late^^l electrodes 51 were exposed by aDplyi-\?; end can-/;ng oir: dry etching of the 
resift tc -rs 'vhc-o i^urface exceoi some of p later,-?! eiectrode,<; 5G ar.d r Idteral rflectr-'.Jt-s. Tn^s SiOj can aiso 
be formed at one process as some of low reflective films of tne ooticcd outgoing radSaTso!- skio -fnirrors side of 
this invention, and high rsflection films of a light reflex side~mirrors side. 

[0053]The n side formed the adhesion layer which consists of nickel at one process ii,,!'' t-u^ ,;nd 
lateral electrode 51 of the .insulator layer 61 may b« covered by 1000-A thickness so that the p side might cover 
the 2nd insulator lay^ SI and p \stQr&\ electrode 50 on a p type r?itride semiconductor layer as the pad 
electrode 70 after the 2nd insulator layer 61 formation. On the adhesion layer, the barrier layer which consists of 
Ti was cor?tint(ed by lOOO-A thickness and Au was formed by SOQO-A thicknss,s. 

"0054jAns^ g.dnding ihe silicon on sapphire of the wafer in which p satersl electrode a'^d n ist-iral electrode \vere 
formed arid b*-;ng jeferred to as. ?0 micrometers, in the direction vertical to the electrode of stripe shape, 
cleavage w.?,^; earned oi^^ bar ,shape from the substrate side, and the resonator was produced to the cleavage 
plane (the 11 to 00th page the neid ■■■M side equivalent to the side of a hexagonal prism-tike crystal). This 
resonator oould be formed by etching. 

"OOSSliSlext, the sputter device was used for the optical outgoing radsation side-mirrors side of the resonator, 
.ind the 1st low rs^ective film that consists of ZrOg, and the 2nd low reflective film that consists of SiOg were 
formed in it. Here, the thickness of the l5t;tow refiectlve film and the 2nd low reflective film is 470 A and 690A, 
respectively. On the other hand, using the sputter device, the protective film which consists of ZrOg was formed. 
It ranked second to a light reflex side-mirrors side. SiO^ and three pairs of ZrOj were laminated to it by turns, 
snd the high reflection fsirrs was formed in it. Here, the thickness of a protectivo film, the SiO^ film wh^ch 
cor:&t'a.te& c hish r';:f:eGflon film, and a ZrO^ film is 470 A, 690 A, and 4?0A, respectively. .And nnaliv. in ti-e 
direction parallel to p lateral el^ictJ-ode, the bar was cut and it was oonsidered as the laser device. 
[OOoPiThe obtainad laser device was installed in the heat sink, vvlrs bonding of each eiectrade A'as carried out, 
and laser oscillation was tried at the room temperature As a ^'esult. \hs room temperature, on threshold 2.2 
RA.''cm-- arui th^e ihreshold voltage 4.2V, continuous oscillation with an osciiiation wavelength of 400 r^m was 
checked, and tjie Nfe improved by 1,8 times compared wth the conventional element of a comparative example. 



Ailf-ough the :hr-esHoiv:i becan^e high 3 ntUs corr^parec ac;! t'l-? fjrr e?, s& for the slope effics^nc^ which shows 
ir-ci;rs3t:'on o~ ciirrefU-oulxut chsrssnenst^cs. 30% of ipiu rove'-ierst vva^ found comparsd with the former. These 
results to this iighi (.^(iTsitrinj? device is useful to a high-output laser device. 

i005?jE.Kan^pb 2 is descrsb-sc- usmg example 2. drawing 2, In Example 1, from the silicon on sapphire In which the 
foundsxioi^ layer vv^s forfTi&d, sshcon <yn sapphire and a buffer layer were ground and rerrioved, it was considered 
only as the ur.dop^jd QaN isysr, and this was made into t^-^e ;?;/j$trats 11. However, the thlokriess at the time of 
grooving up undop&-i GaN iayer 34 cou^d be 80 f^sK^sonHners 

L(i058jNext at the t&rrperalure of 1050 TMQ ,3-^0 an->.-nor;;D wcr^; used for the raw matshai at gas s^iane giss, 
was „!ss;d -fbr i-rp..!r!ty gas, and the n type contaci layer !2 which consists of GaN which cm~'^l 3x10 ^^/j-dopsd 
S was grown up Dy 3~rr:icroiVK>tef ihickness, 

LC^OoSjNext temperature shall be 800 and IMG. TUl (trimethylindiumX and ammonia are used for material gas, 
Siisne gas vvas used for irrpur;ty gas and the crack prevention layer 13 which consists of In^ j^Ga^ggN which 

cm-"'[ Sx iO '"/J-dopsd Si \\>as grown up by 0.1 micrometer of thickf^ess. 

[Q060]Shall make the Inside of a reaction vessel Into a hydrogen atmosphere, ss-d ten-perature si^ail be :050 
and to material gas Next, IMA, Using TMG and ammonia, urtdoped shiminum^ i4"'^0oa^^ ^"'^"^^ grown up by 25~A 
thickness, th&n TMA was stopped, and GaN which cm~\ 1x10 ^V]~doped Si was grown up by 25~A thickness, 
using siiane gas as impurity gas. This operation was repeated 240 times by turns, and the n type clad layer s4 
which consists of a sup£rst>uctur& of 1,2 m!crGrrsote?-s of the total thickness was grown up, 
[0061]Next. TMQ and asrsn^of^ia '.vers u:-ed n>r --nateHal gas at the lernpsrature of 1D50 and n type guide 
layer 15 whseh consists of undoped GaN was grown up by 0.1 frm-ron-jster of thickness. 
[0D62]Nsxt, temperature was 800 TMG, TMI, and an-imooia were used for material gas, silane gas was used 
for impurity gas, and iite barrier layer which consists of In^^ ggGa^ggN which om-^i 5x10 ^^/j-doped Si was grown 
up by 50~A thickness. Then, the weli layer which consists of ^Hg^gGagggH of a Si dope was grown up by 20~A 
thickness. This operation was repeated 4 times and the active layer 16 of the multiple quantum svell stRjCture of 
330 ,A r>^ the t r'ta' tJi'ckness that finally laminated the barrier layer was grown up. 

[0003 '^'-.ut, 1"MA, 1 ^iG ona a:^imonia ars used for material gas at the temperature of 800 The p type capping 
laye- - .x-vcr. cc!=s;sls ot aiumijiunY^^.G:^. Nvhich err i. U10 "'^'/1-dooed Ug was ;~'-owo up b> 200-A 
thokre^'i. > i. s)' , W 'v.r~ i-v , ' ^ •> > Ly gas. 

t0054]Next, temperature was 1050 TMG and ammonia were used for matenai gas. and the p type guide layer 
18 which ccrsists of undoped OaN was grown up by 0,1 micrometer of thickness. Although this p type guide 
layer was grown up as undoped, by di^sion of Mg from the p type capping iaysr 17. Mg ccncentration serves as 
1x10 ^^/cm"*, and it shows a p type, 

[0065]Ne.xt, TMA, TMQ, and ammonia are used for material gas at the temperature of s 050 Undoped 
aiunipufn., ,^Q3fj is §rown up by 25-A thickness, then TMA was stopped and GaN which cm — 1>?10 '^^•']~ 
doped Mg w,;;s ?rown up isy 25-.A thickness, using CpgMg as impurity gas. This operation was reseated by turns 
and the p type oiad layer 1 9 which consists of a superstructure of 0,6 micrometer of the total thickness was 
grown up. 

[0066] Next, TN4Q and ammonia were used for matenai gas at the temperature of 1050 **, and the p type 
corstact layer 20 which consists of GaN which cm-^[ 1x10 ^V]-dopsd Mg was grown up by 0.05 micrometer of 
thickness, using GpgMg as impurity gas. 

l006"?],Afte? ending reaction and in the reaction %\^^^'?l ar ners'lng w?3S performed for the wafer at 700 among a 
nitrogen atmosphere, ard the p type layer v/as bw--ressstance~i28d further. 

[0063] The wafe? into which the nitride semiconductor was grown up as .mentioned above was picked out from 
the reaction vessel, in order to expose the n type contact layer 12, the SiOg mask was formed in a part of p 
type contact layer 20, and it etched in RIE, and the surface of the n type contact layer 12 was exposed, 
t0069jThe surface of the p type contact layer 20 of the top layer and the SiO^ mask which were exposed and 
which becomes a p type n-iride semiconductor layer from a 1 ,5-micrometer-wide stripe via trie mask of 
predetermined shspe all over the n type contact layer 12 were formed. After SiOg mask formation, using RIE. it 
etched to rsear the intefface of the p type clad layer 19 and the p type gxiide iayer 18, and the waveguide {ridge) 
of 1 B-mscrometer-wi-^e stripe shape was formed. 

[O07OjNext, the p lateral electrode 23 which becomes the ridge outermost suffase on the p type contact layer 



20 from nick^l/Au v-'as fortr\e4 in stripe shap-s. On -^he other hand: the n lateral ©iectrod-: 22 whsch bycorr^es the 
SLidac-s on the n type contact, layer 35 fro;T5 Ti - bhjtrmunn was forrf-sed in stripe shape. After forming these, 
o>:ygen:n!troger^ carried out anneaiif^g of each at 600 with a rats of 80:20, the p lateral electrode 23 snd the n 
isteral electrode 22 were alloyed, snd the good ohmic characteristiG was obtasried, 

[0{}?1lM6xt trie insulator layer 21 which consists of SiO^ was formed in the whols surface, and some o btsral 
sbctrodes 23 and the n lateral elootrode 22 were exposed by applying and carrying out ds>' etching o? the rssist 
to some p lateral electrodes 23 and the vvhofe surface except the n lateral siecvrode 22. This SKh^ car; also be 
formed at one ^roossH as sofrse of low reflective fiims of the optical outgoing radiation side-mirrors side of this 
inve ntion, and h!# refiect-on films of a light refiex side-mirrors side. rCK}72}Affcer grinding the silicon on sapphire 
of the wafer in which p lateral electrode and n lateral electrode were formed and being referred to as 70 
micrometers, in ths direction vertical to the elsclrode of stripe shape, rJe^vsge was carried ouX to bsr shape 
from the substrate side, and the resonator was produced to the cle,-^v<5gs piane (the 1 1 to OOtl^ page, the tield 

side equivalent to the side of a hexagonal prism-fike crystal). This resonator could be formed by etching. 
LG073}Next the sputter device was used for the optical outgoing radiation ssde-mirrors side of the resonator 
and the 1st low reflective film that consists of 2rOg, and the 2nd low reflective fiim that consists of SiO^ were 
fo.rmed in it Hsrs, the thickrjess of the 1st low reffective film and the 2nd bw refisctive Him is 470 .A and QBQA, 
resDsctively. On the other hand, using the sputter device, the protective film which consists or ZrO. was formad, 
it ranked second to a light reflex side~mtrrors side. SiO^ and three pairs of ZrO.^ were laminat&d to it by turns, 
and the rejection film was formed in it Here, the thickness of a protective f;lm, the S^O . rllfr! which 
constitiites a high reflection film, and a 2rO,. film is 470 A. 690 A, and 470A, resoeGtiveiy And firsaHy- in the 
direction parallel to p lateral electrode, the bar was cut and it was considered as the laser device. 
[OC"" » V . . ' ^ ^ ("Jtailed in the heat sink, wire bonding of each eiectrode was carried out 
and i;v;<.:r o.'vr.i iatic^^ vv.^^s tried at the room temperature. As a result, in the room temperature, cn threshold 2.2 
k.A cm'- ririh t.he ibrs3ho;d voltage 4,2V, continuous oscillation with an oscillation wavelength of 400 nm was 
ch>?cj<od and ths life improved by 2,0 times compared with the conventional slernsnt of a corrpc-sf-atA-c cx-smDie. 
.Aithcyp,'-: ihe threshold became high a little compared with the former, as for slops sfficieri-.v -A 
improvement was found compared with the former. These results to this light emitting dsv:cc Is ust..f-;; i ; 
output laser devioe. 

[0075]As shown in example 3. drawiiig.l, C side was set in the MOOVD system ujiing the silicon on sapphsf e 
which maizes the principal surface and a cage hula side A side as a substrate, thermal cleaning for 10 minutes 
was oe -'crr-ed -5t the tsmperatu>'e of 1050 **, and the afl^x of moistumw the Wrfece was removedrNext, 
temperature of 510 was used hydrogen was us^d for carrier gas, ammonia and trimethylgailiurt^ were used for 
material gas, and the buffer layer which consi.^ts a? GaNCs' was E^-ovvn up by 20Q-A thickn^;sr-,. Tiv-n, th<- G&N 
layer which consists of undoping was formed Py 20 nicrcmeters of lhicKru;s?:- iOcO ^-^^ 

[00?5jNeyt, it sets in a hydride vapar-phsss-epitaxial-growth (HVPE) device. Qa metal is prepared for a quart? 
boat, by using HCI gas for halogen gss, generated QaCl.^. next it was made to .^eact to the ammonia gas as an N 
gas source, arsd trie 2nd GaN layer that consists of undoped GaN was grown up by 200-miorcn^=eter thickness 
[0Q7?]Ne.Kt, it is made to be the same as tliat of E-xample I until it forrrjs the p type contact layer 43 o^-" the top 
layer from the n type nstride semiconductor layer 35 which consists of Si dop?s. 

L0078]After forming and low~resistance~izing even the p type contact layer 43. the surface of a n type :.-ont8ct 
layer is exposed, and it etches so that the resonator face by the side of optical outgoing radiation and a light 
reflex may be formed simultar^sously. 

r0079.]FL;rthermore the su'rfacs of tfje p type contact layer 43 of the top layer arxi ilv-s SiO. mask which wars 
exposed and which becomes a p type nitride semiGonductor layer from a 1 .5™micrcmeter-wide st,f'ip=s via the 
mask of predetermined shape ail over the n type contact layer 35 were formed. After SiO^ mask form^aton, !.ising 
RIE, ;t etcfied to near tha inte.rface of the p type clad layer 42 and the p type .^ide layer 41, and ii^^e waveguide 
tridge) of 1.5-miorometer-vvide stripe shape was formed. 

[0OS0]A SiO^ mask is further formed also in a light emitting surface after ridge formation, with a SiOj, mask 
attached The 1st ins'jla^or layer 60 t^^at furlliermore consists of ZrO^ on the surface of a p type nitride 
semiconductor layer was formed This 1st insulator layer 50 may carry out the mask of the n lateral electrode 51 
forT^ing face fir&t. and may form the 1 st insijiator layer 60 all over a nitride semicorsductor layer. It is immersed 
in buffered r1«oric acid after the 1st insulator layer formation, carry out dissoiutiors removal of tivs SiOj, mask 



formed on the p typs csntaot lay$r 43, &nd by the lift-off method with SiO^, ZrOg in the p type c<>ntact lay«r 43 
(further on the n type contact layer 35) was retmoved, I'his ZrO^ is forjrsed also as a protective film of a light 

reflex side-nsirrors side. 

[OOSIjNext, the D iaterai eiectrode 50 which consists of nickel A-j i^i contact with the ridge outermost surface 
and the 1st insuiitor iayer 50 on the p t.yps contact isyer 43 vVcjs formed -n strips shape. 

!00S2jThe n latersi electrods 51 which becorr,ss the surface (and surface of the 1st insuiator layer 60) on the n 
tyce contact layer 35 frors^ Ti/aiurcinurn on the otfier hand v/as formed in stripe shape. 
[0083]After forming these, at a rate of 80;2D, Qxygen:nstrogen carried out anneaiing at 600 -^t-, aiioycd the p 
lateral electrode 50 and the n lateral electrode 51, and obtained the good ohmlo characteristic, rsspeotivefy. 
.L0D84]Next, resist is applied to the ridge outermost surface and a light splitting end side, and each thickness 
forms three pairs of rrsuitilayer llims of StO^ and 2rOg at 690 A and 470 A as the 2nd insulator layer 01 . At this 
time, the multilayer film of SiO^ and ZrO.j is formed follov/Ing ZrO^ in which the light reflection surface was 
formed beforehand. 

1.0085JThen, so that resist rcay be removed and the p sids may cover ihe 2r\d ir^sulator layer 61 and p lateral 
slectrode 50 on a p typ& nitride semi conductor layer as the pa<3 electrode 70, The n side formed the barrier layer 
which consists of 100 A and Ti the adhesion layer which comprises nbkel at or^e process at 1000 A so that the 
2nd part and n lateral electrode 51 of the Insulator layer 61 might be covered, and it formed Au by SOOO-A 

thici<ness. 

LOOSh::-;c>:. etches in a position which does riot interj-upt emitted iig,ht so rhnr --.r,? cerr- ^srsitted nam 
ICQ optical ouigcing radiation side may serve as a good far tleid pattern so that it may be easy to carry cut chip 
making of the element As this method, resist is first applied to a nors-etchlng part as a mask {the 1st resist). 
Furthermore, SiO^ and also the 2nd resist are continuously formed on the 1st resist- It etches by RIE until it 
etches SIO.> af>d sapchira exposes GaN of ars etching oar-: cortinLsousiy by RIE further. It is fo^mt.^i by firsaliy 
removing the 1st resist (from the sst resist to a lift off), 

[00S7]Next< resist svas appliso ail over removing the laser emiS.sion face t>y the side of an sniissscn face, the 1st 
low reflective fslm that consists of ZrO„. and the 2nd low reflective film that consists of S'O^ vvere formed fey 
thickness (470 A and 690 A) us-ng the sputter device, respectively, and resist was removed, 
^ "■(^~;^^\ :id finally, over the sapphire exposed surface, scribing etc. cut from the rear face and it was considered 
-i ' ,f- -!;:.sr device. The charactsristic of the obtained laser device was almost equivalent to Example 1, 
[Q089].As showrs in example 4 drawing 1 , C side was set in the MOGVD system using the silicon on sapphire 
v<<hich makes the pHncipal surface and a cage hula side A side as a substrate, thermal cleaning for 10 minutes 
was perfor,med at the temperature of 1050 **, and the affsx of moisture or the surface was removed, 
LOOSOjNsxt, temperature cf 510 =rA vvas used- hydrogen was used fc cs'-Ker gas, smnor^ia and trimcthysgallium 
were used for si^tenal gas, ar^d the buffer Isyer v *i:ch ccmsists of Gat-I^s' w.-as growi ^^n b\ 200-A • hick'iess. 
Then, the GaN layer whsch consists of undoping was formed by 20 micrometers of thicKrsess at 1050 
[0091 iNext, it sets in a hydride vapor-phase-epitaxial-growth (HVPE) device. Prepare Ga metal for a quartz boat 
and GaClj is generated by using HGI gas for halogeii gas, Next, it was made to react to the ammonia gas as an N 
gas -jource, and ihe 2nd QaN layer that consists of Si dope GaN was furti^er grown up by 200-piic''ometer 
thio.K.ness, usir-^ d;chicrc5;ila.'"se 'x3sH^^C=;,) gas as impurity doping gas. 

L0092jNexl, ttiS simple substance board which removes sapphire on the back by polish, and co.nsists the 
obtained wafer of Si dope OaN v^as cbtalned. Next, it is made to be the same as that of Example 1 until it forms 
ths p typs contact layer 43 of the too iaye- f-om the o type nitride semioonduotor laver 35 which consists of Si 
dopes, After forming and low-re-sistarce -LrinE ever- the p :ype contact layer 43, the zur'-ac^ o? the n type 
contact layer was exposed to stripe >3hape, 

[0093jFurthsrmore, ths surface of the p type contact layer 43 of the top layer and the SsO^ masH which wes e 
e,xposed and which becomes a p type nitride s&miGondLictor layer from a 1 ,5~micrometer-wide stripe via the 
mas.k 0*' predetermined shape all over the n type contact layer 35 were formed. .After SiO-, mask formation, using 
RIE. it etch<^;d to i^ear the interface of the p type okd layer 42 and the p type guide Ijsyer -11 and the waveguide 
■jidgo' ot l.o-fvji.-rom&tei'^vvids stripe shape was formed 

[0094]The 1st insulator Isyer 60 th.at consists of ZrOg was formed In the surface of a p type nitnde 
sem conductor layer alter ridge formation. This 1st insulator laye^ 60 may cany out the mask of the r lateral 
electrodes 5: forming face first, and may form the I st insulator layer 60 ali over a r?jtr;de semiconductor iayer. it 
is immersed in buffered tluonc acid after the 1 st insulator layer formation, carry out dissolution removal of the 



SiOj mask fomwd on the p type corstact iaysr 43. and by the lift-off method with SiO^. ZrO^ in the j> type 
contact hyer 43 (flsrthsr on the n type contact isyer 35) was removed. This ZrO^ f^jrfrsed abo as a protective 
ilim of a iigl'st re/i8X ^ide-niirrors sidt? 

r0C}95jN6xt.. the p lats^rsi electrode 50 -.x^isn consssis cr rickei Au conlact vvith ire ridge outermost surfsce 
and the 1 st inr>ulsitor ^3ysr 60 an the p type contact iayer 43 ivas formed in stripe shape. 
[0096]The n Waters! electrode 5! which becomes the stirface (and surface of ths ?st iosuiator iayer 60) on the n 
typ^ contsct layer 35 from Ti/aiuminum on the other hand was formed m stripe shape. 
[009 7] After forming these, at a rate of 60:20. oxygen;nltrogen carried out annealing at 600 slsoyed ttse p 
iarersl ^,Hectrode 50 and the lateral electrode 51, and obtained ths good ohmic characteristic, respectively. 
Ne^t, resist was applied lo the ridgo outermost surface and SiOg was formed as the 2n4 insulator layer 61. 
[0098]Then, so that rsssst may be removed and ths p side may cover the 2nd Insulator layer 81 and p i3tsr:3l 
electrode 50 on a p type nitride serrsbonducstor layer as the pad electrode 70, The n sids formed ths bam&r Layer 
which consists of 100 A and Ti tl^e adhesion layer which comprises niokel at one process st 1000 .A so that the 
2rid part sspd n lateral electrode 51 of the insulator layer 61 might be covered, and it formed Au by 8000~A 
thickness, 

[0099]Nsxt, Qieavage of ihs wafer v^as carried out in the direction parallel to the efectrods of stripe shape from 
the Si-dope GaN board side, and the resonator was produced to the cleavage plans cleavage plane (the 1 1 to 
00th page, ths field ~U sioe equivalent to the side of a hexagonal pHsm-like crystal). 

[OlOOjNext the sputter device was used for the optacal outgoing radiation side-mirrors side of the resonator, 
and the 1st low reflective film that consists of ZrOg, and the 2nd low reflective film that consists of SfOg were 
formed in it. At this time, an optical outgoing radiation side-mirrors side Is insteilsd so that the target of a 
sputter device rr^sy be countared. Here, the thickness of the tst low reflective Urn and the 2nd low reflective 
film is 470 A and 690A. respectively. 

[OlOljThe optics! outgoing radiation slds*TnifTors side was turned down, the optical oytgoing radiation side- 
mirrors side was installed so that the target of a sputter device mi#Jt be couritered, on the other hand, the 
protective film which consists of ZrOg was formed m the light reflex side-mirrors side, it ranked second, SiOg 
and three paks of 2x0^ were laminated by turns, and the high reflection film was fcrtT^ad, Here, the thickness of 
a protective film, the SiC, film which constitutes a high reflection film, and a ZrO^ film is 470 A, 690 A, and 
470,A, respectively. And finally, in the direction parallel to p lateral electrode^ the bar was cut and it was 
considered as the laser device, 

[0102]Th6 obtained laser device was installed in the heat slnh wire bondlr^g of each aleotrode was earned out, 
and laser ossillatiors was tried at the room temperature. As a result, in the roorrs temperature, on threshold 2.2 
kA.- cm^ and ths threshold voltage 4.2V, continuous oscillation with an osrJiistion ^^/sveier^gth of 400 nm was 
checked, and the life improved by 1.8 times compared with ths conventionai elensent of a comparative example, 
.Although ths thrsshosd became high a little compared with the former, as for the slope efficiency which shows 
inclination of current-output characteristics. 30% of improvement was found compared with the former. These 
results to this light emitting device is useful to a high-output laser device. 

r0103J.Ai5 yhovvii in e<,i'rp;a 5 dravvin.s- 1, C side was set in the MOCVD systef^^ using the siiico^i on t-aophire 
which makes t^ie p-fi jioa s^inace and a cage hula sids A i.>ide as a suDsif'ate: the-'-msl cleaning for 10 minutes 
WR<, rjero^'msid ?it the u^nsr^er^^iu/e of iOSQ and the affix or .TiOisture or the surface was .removed 
[0104]Ne>;t. temper.otui-e of 5U) was lised. hydroien was used for carrier gas. ammonia and trimetiiylgailium 
were usee tor n-jateria' gas, .^no the buffer layer which Gon,sistj; of GaMis) was .s^rown wp by 200 -.A thickness. 
Then. tii^: GaM iaye*- which ccnsists of undoping was formed by 20 micrometers of thickness at 1050 -t-*, 
[Ol05]i^i=jxt, it eels in a hydnde vapor-phase -epita.xiahgrowth (HVPE) device, Ga metal is prepared for a quarts 
boat, by u^jirtg HCi ga^ ior halogeri gas, generated GaCi^. next It was made to react to the ammonia gss as ars N 
gas source, and the QaN layer which consists of undoping of a thick film furthef vves g^'oVvTi up by 200- 
micrometer thickness. 

[OlOSlNext, it >\.as n;ad8 to be the same as that of Example 1 until it formed the p type corstaot laysr 43 of the 
top layar tron-! ths n type nitride semiconductor layer 35 which consists of SI dopes, 
roi07]Afta>- forn-sinj; a'id iow-resistance-izing even the p type contact layer 43, the surface of the n type 
contact layer was c5xpa,5sd to stripe shape by etching. By this etching, the end fees of the resonator was also 
form ed s imu Itar -eo sly. 

[OlOSlrurt.herniore, ths suiface of the p type contact layer 43 of the top layer and the SiOg mask v^hich wei'o 
exposed and wNoh bscomss a p type nitride semiconductor layer from a LS-micrometer-wide stripe via the 



r-siask of pred3t.<=;rrrs:r!«d snapfi all' over th& n type contaGt iaysr 35 were formed After SiO.^ mask formatsors, using 
RIE, it etched to near the interface of the p type c^ad layer 42 and the p type guide layer 41, and the waveguide 
(ridge) ctt 1 .5~s-i-iicrome.tei'-vs?ids stnpe shape was formed 

[0 ICjQjthe surface of after ridge formation and a p type nitride semioor^ductor layer — f urther, three pairs were 
ismlrjated [ 890 A and ZrO^ j for the combination of 470 A in order, and 470 A of ZrO^ was used as the 1st 
insuiator layer 60 for SlOg. This 1st Insulator layer 60 may oarry out the mask of ths optical oirtgoing radiation 
side~?rsirrors side first may form the Ist insulator layer 60 all over a nitride semiconductor layer, and immerse?; 
in buffersci fluoric acid after the Ist insulator layer formation in thst oaso, Dissoiation >'8movai of ths SiO.., rr:asl<. 
formed on the p type ccnt.iot layer 43 vvas carried out, and the p type contaot layer 43, a rght emitting SLjrfscs 
ssde~m;rror3 side, and ZrO, that is ors ths n type contact layer 35 fuj-ther were rerrioved yviih SiO^ t-y the lift-off 
method:. 

[01 iOJNsxt, the Ist resist was patterned according to the chip size of an element, the mask which consists of 
SiO^j was further forced in ths entire wafsr surface, and the 2nd resist was further patterned m the same shape 
as ths 1 St resist on It, As for the 1st resist, at this time, the outgoing radiation mirror plaos side is patterned 
after the outside and just before a littie from the outgoing radiation mirror plane. .And SiO^ is first etchsd by RIE, 
and it etches until the sapphire of s SLibst.>'ate exposes the nitride semiconductor layer exposed surface which 
removes SiO^ of a SiO^ exposed surface and to '^h ch the 1 st resist then is not applied by PIE. A good far field 
p.-3ttern can be formed wsthosit emitted light shirking upon a nitride semiconductor layer. A'^en a laser beam is 
osciilatsd since the outside and a Isst-minute nitride semiconductor layer are removed from ths outgoing 
rediatior? mirror plane by etchiiif for a while by this etching as for the outgoing radiation mirror plane side. By 
finally removing from the 1st resist, ih^ mask of SIO^ and the 2nd resist is also removable at once. 
[01 11 jNext, in ths light emitting surfBce slde~mlrrors side, it patterned by resist so that only a ridge part and a 
light emitting part might be exposed at least and on it, the sputter device was also used and ZrOg and SiOg 
.ver.- fc-med by Ihicknsss (470 A arid 690 A) to the optical emission direction, respectively. By finally removing a 
ri;;.;..r f'ifi:, ^h-'ee p;5irs x'v'ers fo.-med I ZrO. and SiO^ ] in the light emitting end side for the multiiayer of ZrOg, 
and SiOj a!;d irO,; in ths ligi'it reflsx end face. 

[01 12iFinsliy according to the chip size, it patterned, cut In the part to which even sapphire was exposed, and 
V!?as considered as the lases' device. The characteristic of the obtained laser device was almost equivalent to 
Example 1. 

[01 ISlExoept not having formed a low refiec^ve flr.^ 'n ths example 6. 1 gr,: -.-aitgolnf, rsds^ition sld<; n:i-Tcr.s side, 
by the same method as Example 2, the laser device was produced and laser oscillation was tried at the room 
temperature. As a result, in the room temperature, on threshold 2.2 kA/cm^ and the threshold voltage 4<2y, 
continuous oscillation with an oscillation wavelength of 400 nm was checked, and the life improved by 2,0 times 
compared x'vith the conventional element of a comparative e>;amp:e. These re$u<lts to this light e.mitting device is 
!.;seful 10 a higl^-output laser device. 

[01 l4jExcept not having formed in the comparative example . light outgoing radiation side~mirrcrs side at a low 
rerleotive film, and not having formed a protective fiim in the light reflex side-mirrcrs .side, ths laser device was 
p.*'odiJced by the same method as Example 2, and laser osciilatlon was tried at the -'oom temperature. As a result, 
ir5 the room temperature, co'-stlnuous oscillation with an osciilatlon wavelength of 4(K} nm was checked on 
threshold .?.0 k.A' cm"-^ and ths threshold voltage 4.0V. and the estimated life expectancy showed 1000 hours or 
mors at the room temperature, 
[0115] 

[Etfect of the InventsonjAs stated above, the gallium nitride system light e.mstting device of this invention.. Ths 
low reflective tUm more thars two-layer [ which has a refractive index, lower than gallium nstride in an optical 
outgoing r.5diation side-mirrors side ], From an optical outgoing radiation side-mirrors side, laminate so that a 
refractive index ma/ beconse low in order, and the 1st low reflective film right above an optical outgoin.K radiation 
Side-mirrors side. Sines -t formed with a gap or one sort of matenals to be chosen from ZrOg, MgO, 
aluminum,jG-^. Si-^N ,. AiN, and MgFj, slope efliciency and a life can be raised and a highly reliable light emitting 
device can be D.rovided by high cower. 

[01 l6]The gallium nitnde system light emitting device of this invention forms the Ist low reflective film with a 
gap or one sort, of materials to be chosen from ZrO^, SigN^. and AIN, Since a gap to bo chosen from; SiO., 



siurniruin'ijOo. MgO and MgFj, oi- the 2nd low reflective film that consists of one sort was fcrmed on the ist fow 
-eilactive f'sr, t'^e -8!:.".bii't\. or 'i iighi en^ating device can be improved rrsore. 

[01 rjSincs l-h- galiiijrri r.ilnde system light .--mittSr-^s dev'Sci ot th^s invent-on form<?d in t^ii opdcsi outgosns; 
radiation side-mirrors s;de the gap to be cHo.^dr fV ■>?■;■: MgO, akjnis.-x^mnO •.. arid MgF^,. or the iovv reflective film of 
one Lnyer Vvhich consists of one sort, a iaser device ¥*^t.h high siope efficicfjoy Is obtained. 
[OIISjThe gallium nitride system light emitting device of this invention forms in a light reflex side-miJTors side a 
gap to be chosen from ZrO^,. MgO. Si^i^l^, AiN, and MgFj. or the protective film which consists of one sort, And 
Since the high rsrl-'i-ticn fiirrs which iaminates a low refractive index layer &nd a high refractive index layer by 
tus-ns was fom-ed oo ths p'otectiv?: filrrs, end face destruction can be controlled and the life at the tirt^e of s 
high-outcut op&ratior: cen be raised. 

[01 19]The gallium rsitride system light emitting device of this invention in an optical outgoing radiation side - 
mirrors side. From an optical outgoing radiation side-mirrors side, the low reflective film more than two-layer 
t which has s refraotive index ics\'er thsn gallium nitride 1 is larrsinated so thst a refractive irsdex may become low 
in ofder. The ist bw reflective flln. r-^nL :;b0v'8 ar- opt cai outgoing radiation side-mii-rors side comprises a gap to 
bt- chos&n from ZrO,,, MgG. aiijminun^„03. 3i,^N_,, A^N. a^d Mq;Fj>, or one sort A gap to be chosen from ZrOg, 
UzO. S!,N.. AiN, and MgF, o*' the prct^ict^ve rlim ^Hch consists or one sort is fom-sed in a light ratlex sids- 
mirrors side And sinca; the high refiecticn r1irn whsch brn;r!atss a low r-ef-active indax iayfcr and a high retVactivs 
index layer by iums is formed on a crotsctive film snd it was made to beos.^::-^? ."iono sV-ncicfW/ and the life 
8t the tin-s ot a high-out.put operation can be raised especially. 

iOI20]Since Ihe gaiiium n-tride syslen^ light emitting device of this invention formed the low refractive index 
layer and high r-en-aotiv-ti index- layer of ihn rsi?!; ?<ctleGting iaysr by SiO^ and ZrOg, respectively, It csn raise the 
reflectanco of a high i-etiecting layer and can raise an output more. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brie? Description of the Drawings] 

[Dr.Tvving ijlt is a psitar- pe-spective view showing the stntcture of the gallium nltnde system light errsitting 
device concernirig the embodiment of the invention 1. 

[Drjsvving 2] It is a type section figure showing the structure of the gallium nitride systen^ liglit ■^rmitting devics 
concsrning tf-e embodiment or the invention 1- 

[Drawing 3jH is a porsoecUva v;ew .showing the structure of the gallium nitHde system, l-ghr. emitting devsce 
cor^cerning the embodimsrn. of the invention 2, 

;„--avs ng fit tvDe ^^ectsnr. WguvB showing the structure of the gallium nit ide system light emitting device 
concerrsing the embodiment of the invention 2. 

[Drawing Djft is a perspective view showing the structure of the conventional gallium nitride system light emitting 
device. 

[Description of Notations] 

1 . 2 galiium-rsitride system ligiit emitting device, 1 1 GaN board. 12, 35 n type contact layers, 13 and 36 A ct-acK 
prevention [aver, M. 37 n typa o^ad layers, 15, 38 n type ^ide layers. 16< 39 active byers, 17. -^'0 p lype capping 
layers. 18, 41 p-typ'i giiide layer. 19. 42 a type clad layers, 20, 43 p type contact iayers. and 21 Insulator layer, 
22. 51 n iaterai electrode, £3. 50 p lateral electrode, 31 silicon on sapphire, 32 A buffer iayen ard 33 and 34 A 
undoped GaM layer and 60 The 1st insulator layer and 61 The 2nd insulator layer, 70 pad electrodes, and 80 [ A 



riu:t>i3>'er i-rvv f>?f]ective ^'s^rs ar-d B\ j [ The 1st refisction film and 32 J [ Tne 2nd refksaticn film and 90 j L A 
rotec:rv'-j; i^S-rs and i.*; f A hsgh reflectiors film and S2 ] [ Cascade somen of a low refractive index byer and a 
ngh rmractive srsdex layer. 1 
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[Drawing. 1] 
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